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FOR THIN SWEPTBACK TAPERED WINGS WITH STREAMWISE TIPS 
AND SUPERSONIC LEADING AND TRAILING EDGES 
By John C. Martin, Kenneth Margolis, and Isabella Jeffreys 


SUMMARY 


On the basis of linearized super sonic -flow theory the stability 
derivatives Cn^ and C m ^ (moment coefficients due to angle of attack 

and steady pitching velocity, respectively) and Cp^ (lift coefficient 

due to steady pitching velocity) were derived for a series of thin swept- 
back tapered wings with streamwise tips and supersonic leading and 
trailing edges. The results are valid for a range of Mach number for 
which the Mach lines from the. leading edge of the center section cut the 
trailing edges. An additional limitation is that the foremost Mach line 
from either tip may not intersect the remote half of the wing. 

The results of the analysis are presented as a series of design 
charts. Some illustrative variations of the derivatives and of the chord- 
wise center -of -pres sure location with the various wing design parameters 
are also included. 

To facilitate the transformation of the calculated results to arbi- 
trary moment-reference locations, the required data for Cp a have been 

selected or computed from the charts and equations in NACA TN 211^ and 
are also presented in the form of design charts. 


INTRODUCTION 


The development of the linearized supersonic -flow theory has enabled 
the evaluation of stability derivatives for a variety of wing configura- 
tions at supersonic speeds. Fairly complete information is now available 
for the theoretical stability derivatives of rectangular, triangular, and 
arrowhead plan forms (references 1 to 6) . For the sweptback tapered wing 
with streamwise tips, some of the available stability derivatives are the 
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lift-curve slope Cp^ (references 7 to 10) and the damping-in-roll 
derivative C 1 (references 9 to 12). For this same wing, reference 13 

treats the longitudinal-stability derivatives and Cm (moment 


coefficients due to angle of attack and steady pitching velocity, 
respectively) and Cp (lift coefficient due to steady pitching 

* o 

velocity) for a range of Mach' number for which the leading edge is sub- 
sonic and the trailing edge is supersonic. Reference 1^ treats the 
derivative for cases where all edges are subsonic. 


In the present paper, the range of speeds considered in reference 13 
is extended to the Mach number range for which the wing has supersonic 
leading and trailing edges. The wing plan forms considered herein are 
the same as those considered in reference 13. These wings have an arbi- 
trary taper ratio, uniformly swept leading and trailing edges (leading 
edge swept back, trailing edge either swefct back or swept forward) , and 
wing tips that are not yawed with respect to the stream direction. The 
limiting case of zero leading -edge sweepback is also included. The 
analysis is limited to the range of Mach number for which the Mach lines 
from the leading edge of the center section cut the trailing edge. An 
additional restriction is that the foremost Mach line from either tip 
may not intersect the remote half -wing . 


The results of the analysis are given in the form of generalized 
equations for the stability derivatives Cp^, and C m ^. Generalized 

design curves are also presented from which rapid estimations of the 
derivatives C^, Cpg, and can be made for given values of aspect 

ratio, taper ratio, Mach number, and leading-edge sweep angle . Some 
illustrative variations of the derivatives with these parameters are also 
presented. Although the analysis is limited to the range of Mach number 
for which the Mach lines from the center section cut the trailing edges, 
the generalized curves for the derivatives are judiciously extended to 
include the Mach number range for which the Mach lines from the center 
section cut the tips. It is believed that for most combinations of plan- 
form parameters and Mach numbers the approximate values taken from these 
extended portions of the curves are quite close to the true values which 
would be found by the use of the linearized theory. 

The applicability of the calculated results may be broadened con- 
siderably by use of the reversibility theorem as indicated in refer- 
ences 15 and 16. 



NACA TN 2699 


3 


SYMBOLS 


A 

A' = AB 
B 


aspect ratio 


M 2 - 1 


ACL 


cotangent of Mach angle 
local chord in stream direction 

pressure -difference coefficient 




b Y ' 


( k 2 \ 

section lift coefficient (Lift per unit span/^pV cl 




root chord 

mean aerodynamic chord 
/crA(l + X) 

wing span 


^2c r (x 2 + X + l)' 
V 3(1 + X) 


J = A'(l + X) 


cot Ai 


k = 


TE 


A'(l + X) 


cot A A’(l + X) - W(l - X) 


'T.E. 


circulation along span I —I 

\ L.E. 


V \ 
AC P dx = ^ cjcl 


M 


free -stream Mach number 
m slope of leading edge (cot A) 

m 1 = Bm = B cot A 

AP local pressure difference between upper and lower surfaces 

of airfoil} positive in sense of lift 


steady pitching velocity 



k 
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S 

S3, s 4 
u 

X, Y, Z 
x, y, z 

x i> yi 

x &> y a 


X 


wing area 

areas of integration 

incremental flight velocity along x stability axis 
forces parallel to x, y, and z stability axes, respectively 
Cartesian coordinates (see fig. 2(a),) 
coordinates of a source point in xy -plane 


Cartesian coordinates measured from leading edge of tip section 
^x a = x - y a = y - \ on right half-wing^ 

distance from wing apex to center of pressure due to angle of 


attack 



x 9 

d 

a = d - x 

a 

A 

Aee 

\ 

P 


distance from wing apex to center of pressure due to steady 
pitching 

distance from wing apex to assumed center-of -gravity position 

(note that x - d when expressed as a function of c" is 
defined as static margin) 

angle of attack 

leading-edge angle of sweepback 

trailing -edge angle of sweep, positive for sweepback (see 
fig. 1) 

taper ratio (ratio of tip chord to root chord) 

Mach angle (^cof-W) 

density of air 
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0X = 




Sk 


disturbance -velocity potential on upper surface of airfoil 


0z - 


c^z 


L 

V 


pitc hin g moment 

normal' force (approximately equal to lift) 
free -stream velocity 

L \ 


lift coefficient 


y) 


"m 


pitching-moment, coefficient 




—pV^Sc) 


cx 


longitudinal -force coefficient 


1 2 

Sc J 


C V“ ( 

'ad 

c "a = ( 


0 

t-* 

tQ 

II 

fa L \ 

.a£] 
\ 2 vj t 

O 

£ 

II 

fa: m \ 

la SE/ 

\ 2 V/ 


a - — >0 


a, >0 


q >0 


0 
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Subscripts: 


R refers to reverse of a given wing, obtained by reversing 

flow direction 

TE refers to trailing edge 


Superscripts: 

* refers to 
' refers to 
" refers to 


system of body axes with, origin at (x,0,0) 
system of body axes with origin at (d,0,0) 
system of stability axes with origin at (d,0,0) 


SCOPE 


The types of wings analyzed in this paper are sketched in figure 1. 
The results of the analysis can, however, be extended to wings with swept- 
forward leading edges by the use of certain reversibility theorems. The 
orientation of the wing with respect to a body system of coordinate axes 
used in the analysis is indicated in figure 2(a). The surface velocity 
potentials, the pressure distribution, and the stability derivatives are 
derived with respect to this system. Figure 2(b) shows the wing oriented 
with respect to the system of stability axes with the origin at an arbi- 
trary point rearward of the wing apex. Formulas for transforming the 
derivatives from body axes to stability axes are presented in table I. 

The analysis is based on the linearized supersonic -flow theory, and 
the results, therefore, are subject to the usual limitations and restric- 
tions. The derivatives are valid for the range of Mach number for which 
the leading and trailing edges are supersonic. A further restriction is 
that the Mach lines from either tip may not intersect the remote half- 
wing. The analysis is limited to the range of Mach number for which the 
Mach line from the wing apex cuts the trailing edge. The curves of the 
design charts, however, are extended (indicated by dashed lines) to the 
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points where the leading edge is sonic. Thus, estimates of the values 
of the derivatives in this range (where the Mach line from the apex cuts 
the tip) can "be obtained from the dashed portions of the curves. The 
estimates so obtained are believed to be quite close to the true 
linearized-theory values for most combinations of plan- form parameter 
and Mach number. 


ANALYSIS AND BASIC CONSIDERATIONS 

The evaluation of the derivatives C^, Cp^, and involves 

the integration over the wing of the disturbance pressures caused by an 
angle of attack a and by a steady pitching velocity q. In the treat- 
ment of motions involving small disturbances (such as those considered 
in this analysis), the disturbance pressures may be determined from the 
well-known relationship: 


■ K « 

Z 


The potential function 0 must satisfy the linearized partial- 
differential equation of steady flow and the boundary conditions that 
are associated with the wing in its prescribed motion. The boundary 
condition on a wing which is at a constant angle of attack a is 


0 Z = “ aV (z = 0) 


Similarly the boundary condition on a wing which has a constant rate of 
pitch is 


0 Z = -qx (z = 0) 


(Note that the preceding boundary condition for pitching is independent 
of time. In stability calculations, a constant rate of pitch corresponds 
to the wing flying in a circle with a constant velocity.) 
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Development of Expressions for the Surface Velocity 
Potential and Lifting Pressure Distributions 

The expressions for the potentials and pressures for the wings at 
a constant angle of attack were obta in ed from tables I and II of refer- 
ence 10. This information is presented in tables II and III of the 
present paper. 

The potentials and pressures for the wings perform i ng a steady 
pitching motion were deter mine d by an application of Eward's method 
(see reference 17). The right half -wing is divided into four regions 
as indicated in figure 3 . The expressions for the potentials and pres- 
sures are given by different mathematical formulas for each region. The 
potential or pressure at any point (x,y) in any region can, however, be 
obtained by taking the real part of the corresponding formula for the 
potential or pressure for region IV : This procedure is applicable for 

many steady motions, as can be seen from the following arguments. Only 
the potential will be considered} hoi/ever, since the pressure is directly 
proportional to the x-derivative of the potential, the conclusions will 
also apply to the pressure. From reference 17, the potential at any 
point (x,y) in region IV can be expressed as 


0 (x,y) = - \ ■ fT ■ <3xi dy x ( 2 ) 

|/(x - xj 2 - B 2 (y - y x ) 2 

The area of integration Si,, is indicated in figure Similarly, the 
potential in region III is given by 


0(x,y) = - | FT . tap ay-,, (3) 

S 3 \J(x - xj 2 - B 2 (y - yj 2 


The area of integration So is indicated in figure 5 • 

Figure 6 indicates the effect on the area of integration Slj. when 
the point (x,y) is moved from region IV to region III. Note that the 
wing area inside the effective forward Mach cone from the point (x,y) is 
the same as the area S 3 . For a point (x,y) in region III, the right 

side of equation ( 2 ) can be written as 
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1 

TC 




m/( x - x i ) 2 - ® 2 (y - yi) : 


dx. 


<3yi = 



0 Z dx x dyj_ , 

x i ) 2 - s2 (y - yi ) 2 


1 

K 



x X ) 2 - B*(y - yj 2 


dxi dy x 




The area is the portion of . which is outside the forward 

Mach cone from the point (x,y). The integral over the area Sj^ - S 3 

will he purely imaginary because the radical of the integrand is always 
imaginary. Only the integral over the area S 3 will contribute to the 

real part of equation ( h) , and the integral over S 3 is, by equation ( 3 ) , 

the potential in region III. Thus, the real part of the expression for 
the potential of region XV will yield the expression for the potential 
in region III as the point (x,y) is moved from region IV to region III. 
Analogous reasoning can be presented for regions I and II. The integra- 
tions were performed for the various regions and the resulting potentials 
are presented in table IV. Application of equation (l) yielded the 
corresponding formulas for the pressures; these are presented in table V. 

Some illustrative chordwise and spanwise pressure distributions are 
presented in figure 7 for the angle -of -attack case and in figure 8 for 
the steady-pitching case. Integration of the chordwise. pressure distri- 
bution yields the spanwise loading (also obtainable by use of the pre- 
viously derived potentials evaluated at the trailing edge - see, for 
example, reference 10, .equation ( ^) ) . The circulation along the span r, 
which is directly related to the spanwise loading, is presented, for 
illustrative purposes, in figures 9 and. 10. 


Derivation of Formulas for 



, and 



The derivatives C_ , C T , and C m are obtained by integrating 
ni Aj q “q 

the lifting pressure or the first moment of the lifting pressure over 
the wing area. These derivatives can be expressed as follows: 
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1 

aScT 



x ACp dx dy 


( 5 ) 


(6) 

2V 

£ x * a> 

2V 


where £C_ = — gL. 

P v x 


As Indicated previously, the real part of the expression for the 
pres sure -difference coefficient in region IV is also the expression for 
the pres sure -difference coefficient for all other regions. Equations (5), 
(6), and (7) can, therefore, he written as 


^ ' - B - P - Si / s X N Br' 31 '* ' (8) 



where the operator R.P. indicates that only the real part is to he 
retained, and denotes the expression for ACp in region IV. 
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The expression, for the derivative Cp^ may he simplified by the following 

consideration: Since the potential function j is continuous in the 

stream direction and is zero along the leading edge of the wing, 



( 11 ) 


It follows that equation (9) can be expressed as 



( 12 ) 


where the potential is evaluated along the wing trailing edge. 


RESULTS AND DISCUSSION 


Formulas and Computations for the Derivatives C 


The formulas for the derivatives C n 


CL r 


’’V 

C L, 

and 

Cm, 


and C 


m r 


obtained by 


evaluating the integral expressions of equations (8), (10), and (12) are 
presented in the appendix. The formulas for these derivatives are also 
given for the case where the leading edge is sonic. 


The results of computations for C^ are presented in figures 11 
to 15, for C^ in figures 16 to 20, and for C m in figures 21 to 25- 

The data are shown for a range of taper ratios from 0 to 1.0 and for a 
range of the aspect-ratio parameter (A' = AB) from 3 to 20. (Curves for 
A 1 =2 are included for the X = 1.0 cases.) The range of leading- 

edge -sweepback angles is included in values of cof^-m 1 from 0° to ^5°. 
The dashed portions of the curves do not represent actual calculations, 
since these regions correspond to the condition where the Mach line from 
the wing apex intersects the tip. However, calculations were made 
for the sonic -leading-edge condition and the dashed extensions of the 
curves to these calculated end points are believed to yield results quite 
close to the true linearized-theory values for most cases. 


/ 
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The derivatives and C m ^ given "by these generalized curves 

(figs. 16 to 25 ) are for the wing pitch in g about the center of pressure 

due to angle of attack. The generalized curves for the derivative C m 

“be, 

(figs. 11 to 15) are for the wing pitching about the wing apex. In all 
cases, the moments are measured about the axis of pitch. The derivatives 
for wings pitching about an arbitrary origin (with moments measured about 
the origin) may be obtained by use of the transformation formulas pre- 
sented in table I. The first three columns of table I present the deriva- 
tives in a system of body axes with rotation and moments measured about 
the points (0,0,0), (x,0,0), and (d,0,0). The fourth column transfers 
the derivatives to the system of stability axes with rotation and moments 
measured about the '-point (d,0,0). Since the lift-curve slope Cj^ must 

be known in order to apply the transformation formulas, design-chart data 
for this derivative are presented in figures 2 6 to 30. These figures were 
prepared from the figures and formulas presented in reference 10. 


For convenience in locating the desired design-chart data for the 
derivatives, an index to figures 11 to 30 is presented in tables VI to 
IX. Inasmuch as the parameter cot _ ^-m' is used rather than the usual 
m', it is felt worthwhile to present in figure 31 some data showing the 
correspondence between the parameters. 


Some illustrative variations of the derivatives C , Cr , and 

C m ^ (in the system of stability axes) with each of the parameters - 

Mach number, aspect ratio, leading-edge sweepback, and taper ratio - are 
presented in figures 32 to 3^. 


Chordwlse Center-of -Pressure Location 

The center-of -pressure location for a wing at a constant angle of 
attack and for a wing with a constant rate of pitch can be determined 

from a knowledge of the derivatives CL, , C T , C m , and C T . The 

m a m q L a 

expressions for the chordwise location of the center of pressure are as 
follows: For a constant angle of attack. 


_ 

x c H’q 

c r c r ^L a 

where x is measured from the wing apex. For a constant rate of pitch 
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•with, the axis of pitch located at distance d downstream of the wing 
apex. 


C §d 
Jd % _ c Cm a 

Cr c L -^C L 

hq - la 


(14) 


where Xq is measured from the wing apex. The derivatives used in equa- 
tions (13) and (14) are referred to the system of body axes with its 
origin at the wing apex. Some illustrative variations of the center-of- 
pressure location with each of the parameters - Mach number, aspect ratio, 
leading-edge sweep, and taper ratio - are presented in figures 35 and 36 . 


Extensions of the Results by the Use of Reversibility Theorems 

The results for the derivatives can be extended by the use of certain 
reversibility theorems. (See references 15 and 1 6 .) The derivatives C^, 




and C m for the reverse wing are given by (reference 15, table I) 
Iu q 


K)r - K 


Nr = 2C -v 


N 


= 

"R 

K q 


where the subscript R refers to the reversed wing. In these reversi- 
bility equations, the axis about which the moments are taken and about 
which the wing is pitching must be the same for the wing and its reverse. 
The axis is fixed in the wing configuration (that is, invariant with the 
direction of flow). For example, if the axis of pitch and the moment 
axis are taken at the leading edge of the root section of a wing in a 
forward flow, then the axis of pitch and the moment axis will be at the 
trailing edge of the root section of the wing in a reversed flow. 
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CONCLUDING REMARKS 


On the basis of the linearized theory for steady supersonic flow, 
formulas for the stability derivatives C^, and C m ^ were derived 

for a series of thin sweptback tapered wings with streamwise tips and 
with supersonic leading and trailing edges. The numerical results are 
presented in a series of design charts which permit estimation of the 
derivatives for various values of aspect ratio, taper ratio, leading- 
edge sweepback, and Mach number. Some illustrative variations of the 
derivatives and center-of -pressure location with these parameters are 
also included. 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va., February 19 * 1952 
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APPENDIX 


SUMMARY OF FORMULAS FOR C„ , C L , AND C m 
1 - L, q m q 


The following formulas for C m , C T , and C m refer to wings 
/ “a q. q. 

which have an arbitrary taper ratio, leading and trailing edges that 
are each uniformly swept at a constant angle (including zero sweep 
angle), and wing tips that are not yawed with respect to the free- 
stream direction. Note that the trailing edge may be either swept- 
forward or sweptback, although the leading edge is restricted to sweep- 
back. An additional limitation is that the foremost Mach line from 
either tip may not intersect the remote half of the wing. 

The proper use of the formulas requires that the positive root of 
the quantity under a radical sign be taken; thus, if a is a positive 
number. 



Also, note that 

l^a \f - a = i^/a? i\/a = -a 


Formulas for Cm 
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For arbitrary taper ratio. 


' m a. 


SJ 2 ^ 2 132(1 - 4k 2 ) 

nB [48k 2 - 12Jk(k - 1) + J 2 (k - l)^]\j3(l _ k2 ) 2 


32 k 3 (1 + 2 k 2 ) 


J 3 (l - k2) 2 /k - l\/k + 1 


sin' 


-1 - il k-g ; eto-i 

2 k 


k 2 l/4k + J - Jk 
15(1 - k) 2 (k + l) 5 // 2 l/7 


60 

7" 


2(k - 1) 
• k 


4(4k - 1 ) 

J 


2(1 - k ) 2 


T(2J + 4k ) 2 4(2J - 4) 1T , 

_ + : ( 3 J + 4k + kJ ) 


k 2 J 2 


kJ £ 


2^2 - 


r 

(4kJ + J - 36 ) [2(4k - kJ + J )] 3 ^ 2 
30J 2 /j(k + l ) 5 ^ 2 


2k 2 (8 - J) - (kJ - J - 4k) 
2 kJ(k + 1 ) 


(J + 4k - 3kJ)\/2(4k - Jk + J) 
8 J\/j(k + l ) 3 / 2 


(kJ + J + 4k) 2 /k /k 
l 6 kJ 2 (k + l ) 3 / 2 \ 


+ sin' 


-1 4k + J - 3kJ 
kJ + J + 4k 



(Al) 


WlH 
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For taper ratio of 1, 




BA' it 


lit (303A' 2 + 350A* + 75 )\/aT 


45 


l44o 


(A 1 - 5)(A' + l)‘ 
192 


COB 


-1 


A» - 1 
A’ + 1 


(A2) 


Swep tback leading edge; m 1 > 1 


and 


A' > 


Ifm’l 

(1 + k)(m l - 1) 



r 


Jkm'(3k 2 -1) 

1 3(k 2 -l) 2 


cos 


-1 


_ 1 _ 

m* 


k^m ' ( 2m ’ 2 k^ - k 2 - lJVm' 2 - 1 
3(k 2 - l) 2 (m ,2 k 2 - Dl/m’k- l'/m’k+ 1 


1 ± 

COS -*- — r + 

km 1 


l{3m 1 l/m 1 2 


3(k 2 -l)(k 2 m ,2 -l) 


{4km' - J(k - lj] 2 n 

(1- 4m'k 2 + 2ra , k-3k)Vm , + 1 

32 

6m'\/k(k - l) 2 (i+ m T k) V'ni * k + 1 


j(3k+ 2m'k 2 + 2m'k + 1) + 1 

24km 1 2 (k - 1) (l + m’^v^kv/m’k + 1_ 


(A3) 
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For taper ratio of 1, 

1 |2m , ^(-3ni ,ij ' + 10m' 2 - 4) 

_ I _ _ _ 


'“a 


A’B 


2m 


A 


A 


r2 


3it(m’ 2 - l) 2 /m t2 - 1 


cos 


nr 


rt(m' 2 - l) 2 / m . 2 _ ! 

A , m , (2m’ + 1) 6m’ 6 - 8m’5 _ I7m>4 + 2m‘ 3 + 5m’ 2 


(m* + l)l/m> 2 - 1 


6(m' 2 - l) 2 /m’2 _ 1 


(A4) 


Un swept leading edge (m’ = oo).- 



For arbitrary taper ratio, 

24 f 2 (J - 4) 2 {Zj 2 - 8JX + 16(1 - X 


CtUq. ~ “ 


- l)] 


B(X 2 + X + 1) \ 192 192 [j - 4(1 - X)] : 


, 3 J 1 2 li "- 2(1 - ^a 


^12(1 - 4) 3[j - 4(1 - X)] I2^j[j - 4(1 - X)] *- 


1 - A. 


J - 4(1 - X) 

For taper ratio of 1, 


(A5) 


4 - 6a* 


c % " 


(A6) 


3A’B 



Formulae for Cl, 

4. 

Sweptback leading edge, m* = l (bohIc leading edge).- 


For arbitrary taper rat io , 



Cr. = 


*4 


32 kV 2 

/ 

k 2 /k/4k + J - Jk 

rfB(k + l) 2 ^ _ l2Jk(k - 1) + J 2 (k - 1)^] 

3(1 - k) ^ 5(1 + k)^/ 2 /j 

_ \ 


J 20 

(2 - 5k 2 ) (21 + 4k) 

W , 

k 2 


(2 + k 2 )(2J - 4) 


2(1 - k) 2 (l + k) 

"S 

(or M 2 ' 2 ( 2J - ^)(2J + 4k) 4(2J + 4k) 2 ! 

k3j 2 

\ < - xJ — *r ) — — — ' 

_ 4 k 2 f 

-y 


fUnim+.Inn r'nn+.lnnafl 


Am rv^ir+ -«o \ 

WJ. UCAU J-ZCV^C ) 


VO 
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+ I yfk. - 1 


J(l - k) + 2k j i 1 32(2 - 5k 2 ) 

-> ""-A n-T vi -*■ 


- sin + 

k k 3 J 3 / 


y/k" J (3kJ + TJ + 46k) (4k + J - kJ) /4k + J - kJ 
l/k + 1 1 15k 2 J 2 V ^ 


J(5 - 3k)(k + 1) + 4k(9k +5) -J - 4k + 3kJ 


l6\/£k 2 J 


kl/kJ 


(2(4k - kJ + J) 


(kJ + J + 4k) 2 / _ x 4k + J - 3kJ it' 


2k 2 J 2 


4k + J + kJ 


For taper ratio of 1, 


„ 16 (A» + 7) (A 1 + l) 2 _ x A' 1 16 

Ct, = cos + 

a 3itA*B 32 A’ + 1 15 


(8IA' 2 + 190A' + 105 )]/A' 
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Sweptback leading edge^ m* > 1 and A' > 


(1 + X)(m» - 1) 



For arbitrary taper ratio , 




BjcJ(A 2 + \ + iJk'Tn^m’ 2 - l)^ 2 /m'k + li/m'k - 1 ^ ^ 


2 k 3 m , 2 (_kV ,1 t- + m ,2 k^ - 2 - m'^k 2 ) 

(m ,2 k 2 - 1)(1 - k 2 ) 2 - 


k^'/m’ 2 - 1 1 k^m*^ 


k^' 2 [^(m^k 2 - l)(2km’ 2 + m l2 k 3 ) + 
2k 5 m ,6 (k 2 + 3) + m ,li k 3 ( k ^ _ 10k 2 _ 15) 

^'2m ,2 k(-k ij ' + 7k 2 + 6) - 4 k (3 - k 2 )] 
3(m ,2 k 2 - 1) 2 (1 - k 2 ) 2 


2k3m'3(_4k 2 + 3m ,2 k 2 -,m' 2 + 2) 
~ 3(1 - k 2 ) 2 


cos -1 -i- + 

m* 


(Equation continued on next page) 
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m’3k3l/m 12 _ ]_ 

3 (m * 2 k 2 - 1) 2 (1 - k 2 ) 


j(5m ,2 k 2 - 2) (l - k 2 ) - k^^m^ 


-k(l - 5k 2 ) + 2k] > + 


krt[4m*k + J(l - k)_ l/m* + 1 


m - 


k 2 m t 2 ( m , 2 _ 2 ) - 


km’ (k + m’ 2 - 2) (^km* (3 + 2m’k - k) - J(l - k) (l + k + 2m* k)] 

8(1 - k)(l + m‘k) 


(~4m'k + J(l + k + 2m’k^] [4m*k(3 + 

2m*k - k) - j(l - k)(l + k + 2m*kj] 


64-(m»k + l) 2 


2 - m ,2 (k + 1) 1 m «2jj2 


3 p.* 

(k - 1) [Wk + J(1 - k)] 
64-(m’k + l) 2 


[j(l - k) + 4m , kJ(l - k)j^m’k(-6 - 4m 1 + 5m’ 2 - 

12m’k - 7m ,2 k + fika’^k) + j(-6 - 4m’ + + 

5m' 2 - Sm’k - 6k + + 4m , 3]c 2 )J 


384(1 + m’k) £ 


I 
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For taper ratio of 1, 



2m' 2 


Ttk'B(m' 2 - 1) 


3/2 


2(m’ 2 - 2) 
(/m’ 2 - 1 


23 


2(-3m’ 6 + lk^ - l^n’ 2 + 8) 
3(m' 2 - l) 2 


cos 


-1 


1_ f 
m* 


* 


rt(6m’^ - lnn’5 _ 19m* ^ + 1^*3 + 26m’ 2 - 10m’ - 13) 

6(ml 2 - l) 2 


2A* 

+ + 



2m‘(2^l ,2 - m* - 3) I 

B(m* 2 - l) 3 / 2 


(A10) 


TJnswept leading edge, m T = co. - 



For arbitrary taper ratio, 


C L n = 


HQ 


q B(X 2 f X + 1) 192 


I r~ —i 

j2 (j , b) 2 \-j 2 - dJX + 16(1 - 
192 [j - 4(1 - xj] 2 


I 


2[j .2(1 - xj| 


12(1 - X) 


1) 


ijj - 4(i - A.j] 12(1 - A.)^rj^ - 4(i - \Tj j 


(All) 



For taper ratio of 1 , 



12 A T - 4 
3A*B 


(A12) 


ro 

4 ^" 


Formulas for C m 

m q 


Sweptback leading edge, m 1 = 1 (sonic leading edge) . - 



J m 


q, 


8 k? 

6k3 

” y 

f loftfcu. 

' —— w \ *— * / 

! ^ o/l .. V\T .. I.lr 

'q J y- — X ‘-V* 1 * "■ ■«■/«*' T- TJX 

BA»n(k+ l ) 3 

48k 2 - 12Jk(k -1) + J 2 (k - l) 2 ] 

2 

( 1 - k ) 3 | 

A^k + l/k -1 

ism 

L ^k 


sin”!- i 

_ 12^2 + 231 ^ )"| 

r 

v , Vk (kJ + J + 4 k ) 2 J 8 (k + 1 ) 

(4k - 2 )(k + 1 ) 

k 

3 k?A J 

Vk + 1 32 k 2 j k 

u_ k 2 


12 (3k 2 - 5 k - 6 ) ( 304' 

2 k 2 - k + 9 

j 

5(Jk + J - 4k ) 2 

Jk 2 J 2 _ 

k 2 

L kPj* 


l 6 (k + 1 ) 
Jk 



atari + 

4k + J+ kJ / 


(Equation continued on neat page) 
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\Jkk + J - Jk/ 2k5 


/j(k + 1) 1(1 - k) 3 (l + k) 2 


J-A-(l 6 - kOk 2 + 32k^ - 8k 6 ) + 
Jk 7 


^ (16 - 8k - 48k 2 + 6k 3 + 38k^ + 2k^ - 6k 6 ) + —- (6 + 27k 3 + 

J 3 k 5 


J 2 k 6 


2hk h + 3k5 ) + ^Lz.^Sl±^l 

35*5 


(-512 - 368k + 32k 2 + 8k3)i + 
- k 3 


^ (_58k - kOOk +> 4k 2 ) + —(-192 - 102k) - 


Jk 2 


J 2 k 


J 3 k 2 


(45 + 


147k + 162k 2 ) + — — (-570k 3 - 237k 2 + 228k + 135) + — i— (294^ 

J 2 k 3 4Jk4 


147k 3 - 561k 2 + 15k + 135) + — — (-126k5 - l47k4 - 72k 3 - 

16k 5 


162k 2 - 66k + 45) 


(A13) 


For taper ratio of 1, 


- 


16 


1 3kBA' 


6k (33 A* 2 + 66a* + 177 ) (A l ' + l) 2 -! A*-l 


105 


153 6 


cos 


A* + 1 


(2685A»3 + 8309A72 + 12635 A* + 6195)/^ 


26880 


(A14) 



Svepbback leading edge, m' > 1 and A’ > 





( *iq L ‘ a - 


8km* + j(l - k) 


BJ J 2 (l - k) 2 + 12Jkm* (l - k) + k8m> 2 k 2 2 (m* 2 _ i) 3 / 2 


-1. 5ci'k3j^(2m.’ 2 - 1) .+ 


3m'j(4km l + J) 2 l.^kJ + (m' 2 - 2) (4km' + j)] - 


• 38W^k^(l + k - 2m’ 2 ) 


(1 - k) 3 


1536kV‘5 m ,2 (i - 3 k 2 + 6k^)' - 2 + 6k 2 - 8kjj_ 
*(1 - k 2 ) 5 " ' 


cos 


-1 


_1 

m’ 


& 


(Equation continued on next page) 
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1536k T m * 5 [m * 1| t 3 ( 1 + 3k 2 ) - m ,2 k(2 + 3k 2 + 3k 1 *) + ^(k 2 + ljjvm' 2 - 1 ^ o _ ± 
it(l - k 2 )^(m , ^k 2 - 1 ) i/m ’ k + l/nT' k- 1 


COB - + 

km 1 


1536 kV l 5 ( 3 k^m ' 2 - 2 k 2 - k 1 * + 1 - A' 2 )\/m' 2 -”"l ' . . , , 2 r ? , 

— + 12m ,2 k(J + Wkr kJ - 2k 2 m l + 

' it(l - kS) 2 ^' 2 ^ - 1) 


(an 1 2 k 2 [tem ' + J(1 - kjj 3 Jllk - 4 - 9k 2 - 2m' 2 (3k - 1 - 3k 2 ) 


(m’ 2 - 2)(J ± WkH 5 

- (1 - k) 2 

J(7k - 4 - k 2 ~ 2km' 2 + 2m» 2 - 2k 2 m' 2 ) 
4k 2 m' 


k(l - k) 


(-6m' + 9 - Qm ,2 k + 30m’k - 26k + 2W 2 k 2 - 5Wk 2 + 25k 2 + 30m T k 3 - 24m' 2 k 3 )(m' + l)0n» + 1 

4(1 - k)(m'k + 1 ) yiii ’ k: + iVk 

J(-l8k - 2m'k 3 - lWk 2 + k 2 + 22m'k + &n' 2 k3 + 8m ,2 k 2 - 6n‘ + 9 - &n r2 k)(ni' + l)^n» + 1 


l6km , (m'k + l)i/k\An'k + 1 


7 


lQm'k 3 J 2 j^km* + J(l - kj] 

(m* 2 - 1)^' + 1 

1 - k 

/ki/m'k + 1 


(Equation continued on next page) 
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[4km' + J(1 ~ k)] 3 

p . _ 

# — 1\ 

(m*^ - 2 - 2km' 2 + 3k) (4km’ 

- 5k - 2m' + 3)(m* + l)\Zm t + 1 | 

(1 - k) 2 

k 

2tfc/m'k +1 _]/ 


ro 

00 


/ 


For taper ratio of 1, 


% = II 


m' 2 

- 21 m ,(3 4- 85 m - 92 m ' 2 + 28 

A'jr(m' 2 - l) 3 

_ 9 (m * 2 - 1 ) 


3 /m ' 2 - 


-1 1 

cqb — r + 

m 1 


it(7m ' 6 + 2bm'5 + 15 m - 40m* 3 - 33m f2 + l6n> + ll)m' 2 


6(m' 2 - l)\/m’ 2 - 1 


A’ 2 (m’ 2 - 1) 


(-■a - i ) 3 / 2 I *' 


A' (82m' 2 - 45m' - 74) |X'(m’ + l) - m]](-l4m’3 + 32 nH 2 + 32m t) 

9° 9QA'(m' + l) 2 


A f m'(l36m'3 + 54m' 2 _ 257m , _ 183 ) (m* + l) + [a 1 (in' + 1) - + l)(8m' 2 - 16) - l6b9 

- —m — : 

90(m' + 1) A' 

m '2(_ 9 6K. m i5 _ 1196 m' ^ + 1227 m* 3 + 978 m ' 2 _ 353 m* - 172 ) 


36QA ’ (m* 2 - 1)‘ 


(A16) 
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Unswept leading edge, m' = 



For arbitrary taper ratio. 




12 

1 

CH 

Ch 

! 

4^ 

, 3(1 - A)(J - 4) 

J — "* 

A’B(A 2 + A + l) 2 

J - 4(1 - A) 

! 2 [j - 4(i - a7J 


(1 - A) 2 (J - kf _ (1 - A) 3 (J - 4 ) 3 

jj - ^(1 - ^|j - mi - *y] 



j - k' 


J - 4(1 - A) 


3 (j - 4)‘ 


(J - 4 ) 3 (J - 4 ) 4 1 

— + r + - 

4 4 


2[j - 4(1 - a ,]] 2 [7 - 4(1 aO ] 3 4{j - 4(1 - A)] 

t 4 ' 


• jV*" JA^ 


a - 4(1 - aT] 


4 4 


(1 - A)[j - 4(1 - a )] 4 
J + 8(1 - A) 8(1 - A) [7(1 - A) - jj 


(1 - x)|/j[7 . Ml - xj] L J ■ t(1 - x) li - h < 1 - K S 2 

2(1 - A) 2(1 - A) 2 [g2(l - A) - 3J ) 

J - 4(1 - A) [j _ 4(1 _ A)] 3 

X^J 2 [75J 2 - 33QJ(1 - A) + 420(1 - A) 2 ] 

6ojj - 4(1 - x[] 3 ]/j[j _ 4(1 - A)] 


(A17) 
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For taper ratio of 1, 
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TABLE I. - FORMULAS FOR TEAtJHFOBMATIClIJ CF THE STABILITY BEHIVATXV5S C^, 0 L(j , 

AKD Cnq FHCW BODY AYES TO STABILITY AXES 


.Body axes 
Origin 1 at 
x a 0, y - 0, 
z = 0 

Body axes 

Origin 1 at x ■■ x, y = 0, s » 0 

Body axes 

Origin 1 at x = d, y«0, b- 0 
(d » x + a) 

Stability axsfl 

Origin 1 at x = d, y - 0, a « 0 

Stability 
aerivat ive 

Stability 

derivative 

Shift in origin 
from (0,0,0) to (x,0,0) 

.Stability 

derivative 

Shift in origin frcm 
(x, 0 , 0 ) to (d,0,0) 

Stability 

derivative 

Origin at (d,0,0). Rotation 
through angle a 

(2) 

Si 


0 


fSi 

<v* 

v-°\ ,s v 

% 

°V 

% + 2 Si 

°v 

V-- a t°^ 

V 

V - a %' s %' 

% 

V 


S’ 


V 

V 


"Tho origin refer* to the 0 artesian system of coordinates a a used in. the analysis. (See fig. 2(a).) 

^The value of aCg^' in the transformation for and the value of aCy^' ^ trane format ion for pLg" are 

generally small and can he neglected for estimates of C,^" and 0 l^". These values have not been obtained in this pep^r.. 


c 


u> 

LO 
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TABLE VI.- INDEX TO DESIGN CHABTS FOR BC^ 



and moments 


measured a"bont 


(o,o,oT| 


A* 


0.25 


V 


0.50 


3 

4 

5 

6 
8 
8 

12 

20 

4 

5 

6 
8 

12 

20 

3 

4 

5 

6 
6 
8 

12 

20 

3 

4 

5 

6 
8 

112 

|20 

3 

4 - 

5 

6 
8 
8 

12 

20 


cof-V' 

(deg) 


18.4 to 45| 
0 to 45 


[Figure 


0 to 12 


V 

0 to 10.8 

3.81 to 45 
0 to 45 


Y 

3.81 to 12 
0 to 12 


0 to 9 
0 to 5-3 

0 to 45 


3 to 1 

CD to 1 




co -to 7 


* 

co to 5«2 

15.06 to 1 

CD tO 1 


\K 


15.06 to 4.7 
CD to 4-7 


V 

cd to 6. 31 

03 tO 10. 78 
co "to 1 


11(a) 

V 

lift) 

I 

lift) 


\lf 


12(a) 


Page 


112(b) 

Me) 


Y 


Y 


4 


t3(a) 


P-3 ft) 


49 

y 

50 

4 

51 

V 

52 

1 

53 

4 

54 


55 


Y 

56 

I 


0:50 

V 

0.75 


A* 


Y 

1.0 


cof^m’ 

(aeg) 




3 

4 

5 

6 
8 

12 

20 

3 

4 

5 

6 
8 
8 

12 

20 

3 

4 

5 

6 
8 

12 

20 

2 

3 

4 

5 

6 
6 
8 

12 

20 

2 

3 

4 

5 

6 
8 

I! 12 
20 


0 to 12 


Y 

0 to 11. 6 
0 to 45 

Y 

0 to 38.2 
0 to 45 

1 

0 to 12 


Y 

0 to 10.4 
0 to 45 


CD to 4.7 




0 to 6 


Figure 


Page 


CD to 4.87 

03 tO 1 


CO tO 1.27 

co to 1 

4 

t 

cd to 4. 7 


d to 5*45 

co tO 1 


to 9.4 


13(c) 

y 

14(a) 

y 

14(b) 

4 

14(c) 

Y 

15(a) 


V 

15(b) 

Y 

15(c) 


57 

Y 

58 

Y 

59 

4 

60 

Y 

61 

Y 

62 

Y 

63 
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TABLE VII.- INDEX TO DESIGN CHARTS FCR BCt * 
^Pitching and moments measured about (x,0,0)] 


A* 


cot“Tnit 

(deg) 


Figure 


Page 


A* 


coffin * 

(deg) 


Figure 


Page 


12 

20 




0.25 


12 

|20 

3 

4 

5 

6 
8 
8 

|i2 

20 


C 3 

II 


18.4 to 45 
0 to 45 


0 to 34 

4- 

0 to. 33-7 
0 to 27 
0 to 18 
0 to 11.2 

3.8l to 45 
0 to 45 


V 

.81 to 12.6 
0 to 24 


V 


81 

112 

20 


V 

0 to 23.6 


3 to 1 

CO to 1 


V 


co to 1.48 

* 

CO to 1.5 
“to 1.96 
co tO 3.08 
°° to 5-14 

15.06 to 1 
co to 1 


15.06 to 4.47 

CO to 2.25 


V 

co to 2.29 


16(a) 


16(b) 

I 

16(c) 




17(a) 


v 

17(b) 

'i 

17(c) 


64 


65 

4 


66 


* 


67 


* 

68 

i 

69 


0.501 


\k 


0.75 


V 


1.0 


3 

4 

5 

5 

6 
8 
8 

12 

20 

3 

4 

5 

6 
8 

12 

20 


0 to 45 


c» to 1 




6 

8 

12 

20 

2 

3 

4 

5 


[29-4 to 45 
27 to 45 
25 to 45 

0 to 45 


6 |0 
8 
12 


6 

8 

12 

20 


0 to 45 

4 

0 to 32.6 

[0 to 29-2 

P to 27.1 
[0 to 25.3 


32.4 to 45 1.56 to 1 


V 

“ to 1.56 
“ to 1. 79 
<0 to 1. 95 
00 to 2.12 


V 

to 34.6 
0 to 31 
0 to 29 
20 fO to 27.4 


26 to 45 


Mr 


1.77 to 1 
1.95 to 1 
2.13 to 1 

“to 1 


V 

“ to 1. 45 
“ to 1. 66 
“to 1. 8 
“to 1. 96 

2105 to 1 


18(a) 

I 

18(h) 

18(c) 

l 

V 

19(a) 


\|T 


19(B) 




20(a) 


V 


20(B) 




70 

i 

71 

1 

72 

73 


Mr 


74 


\k 


75 




76 

I 
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TABLE VIII.- INDEX TO DESIGN CHARES FOR BCj^* 
[pitching and moments measured about (x,0,0)J 


cot - lm , 

(deg) 


m' Figure Page 


3 18:4 to 45 3 to 1 

4 0 to 45 to to 1 

? '1 I 

8 0 to 37-2 « to 1.36 

12 0 to 26 to to 2.05 

20 0 to 15.4 to to 3.63' 


8 26 to 45 2.05 to 1 21(b) 
12 19. 4 to 45 2. 84 to 1 ; 

20 13 to' 45 4.33 to 1 'V 

3 3.81 to 45 15-06 to 1 22(a) 


4 0 to 45 

5 0 to 41.2 

6 0 to 36 

8 0 to 27-6 
12 0 to 18.6 
20 0 to 11.2 

5 32 to 45 

6 26 to 45 
8 20 to 45 

12 14 to 45 
20 8 to 45 

3 0 to 45 

4 

6 0 to 41.2 
8 0 to 34.6 
12 0 to 22.2 
20 0 to 13-6 


CD to 1 

°° to 1. 14 
00 to I.38 

<° to 1.91 

<0 to 2-97 

co to 5-05 

1.6 to 1 
2.05 to 1 
2.75 to 1 
4.01 to 1 
7.12 to' 1 

CD to 1 

4 

CD to 1.14 
CD tO 1.45 
CD tO 2.45 
CO to 4. 13 


12 0 to 13.4 
20 0 to 7.8 


6 35 to 45 1.43 to 1 23(b) 
8 26 to 45 - 2.05 to 1 
12 17 to 45 3-27 to 1 
20 10.4 to 45 5-45 to 1 \y 

3 0 to 14 co to 4 23(c) 


CD to 4.2 
cd to 7-3 


cot - ^’ 

(deg) 


0 to 45 co to 1 


Figure Page 


20 p to 35-6 <» to 1.4 
3 0 to 14 co to 4 


20 0 to 9.1 co to 6.24 v- 
8 29 to 45 1.8 to 1 24(c) 

S i I ^ 


2 O' to 45 cd to 1 

i l i 

5 0 to 38.4 CO to 1.26 

6 0 to 33.3 “ to 1.52 
8 0 to 24.5 co to 2.19 

12 0 to 16.8 <o to 3-31 
20 0 to 9-2 co to 6.17 

5 0 to 45 CO to 1 
































x_ 


y 

•4^s 


Figure 8.- Chordwise end spanwise pressure distributions for steady 
pitching velocity. A = 3j A = lS.5°; A. = 0.75j M = \[2. 
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(a) X = 0; A* 


Figure 11.- Variation of BCn^ 
System of tody axe 
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(t>) X = 0; A’ = 8 to 20; m 1 = 00 to. 1. 


Figure 11.- Continued. 





co T " m' t deg 

(c) \ = 1; A' = b to 20; m' = 


Figure 11.- Concluded. 






cot m j deg 


(a) X = 0.25; A' = 3 to 6: m* = <*> to 1. 

Figure 12.- Variation of BCj^ with cot"lm’ for various values of A’. 

System of body axes with, origin at (0,0,0). (See text, p. 11, for 
significance of dashed portions of curves.) 
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(' b ) X 


cat-'m', deg 

= 0.25; A' •* 6 to 20; m* = » to 1 


Figure 12.- Continued. 
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cot m', deg 

(a) \ = 0.50; A’ = 3 to 8; m' =00 to 1. 

Figure 13.- Variation of BC^ with cot-im* for various values of A'. 

System of body axes with origin at ( 0,0,0). (See text, p. 11, for 
significance of dashed portions of curves.) 
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O 4 8 18 16 20 84 28 38 36 40 

cot-' m', deg 

("b) X, = 0.50; A* = 8 to 20; m‘ = 00 to 1. 


Figure 13.- Continued. 
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O 4 8 /2 / 6 SO 24 28 3£ 36 


cot' 1 m', deg 

(a) X = 0.75; A' = 3 to 8; m* = oo to 1. 

Figure l4.~ Variation of BC^ ‘with cot-^-m* for various values of A 

System of tody axes -with origin at (0,0,0). (See text^ p. 11^ for 
significance of dashed portions of curves.) 
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(t>) X = 0.75; A' = 8 to 20; m' =» to 1. 

Figure l4. - Continued. 
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(a) X = 1.0; A' = 2 to 6; m' = co to 1. 

Figure 15*- Variation of BCm^ with cot“lm' for various values of A'. 

System of body axes with origin at ( 0,0,0). (See text, p. 11, for 
significance of dashed portions of curves.) 
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(t>) X = 1.0; A’ = 6 to 20; m’ = <*> to 1. 


Figure 15.- Continued, 







cot mi deg 

(e) X = 0; A* = 3 to 8; m* = oo to 1. 

Figure l6.- Variation. of BCl^* with cot“-'-m l for various values of A 
System of body axes with origin at (x,0,0). 
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(a) X = 0.25; A’ = 3 to 8; m' = °° to' 1. 

Figure 17*- Variation of BCj^* with cot - -^m’ for various values of A*. 

System of body axes with origin at (x,0,0). (See text, p. 11, for 
significance of dashed portions of curves.) 
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(b) X = 0.25; A’ = 8 to 20; m' = 00 to 1. 


Figure 17.- Continued. 



cot ' m'j deg 

(c) X “ 0.25j A' “ 3 to 20; m' = «j to 2.05 


Figure 17.- Concluded. 





(a) X ™'0.50; A' = 3 to 5j ni* ■= oo to 1. 

Figure io.- variation of BOp * with for various values of A 1 . 

Q 

System of body axes vith origin at (x,0,0). (See text, p. 11, for 
significance of daBhed portions of curves.) 
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(a) X = 0.75j A* = 3 to 20; m* = » to 1. 

Figure 19,- Variation of BCLq* with cot" 1 m' for various values of A'. 

System of body axes with origin at (x,0,0). (See text, p. 11, for 
significance of dashed portions of curves.) 
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Figure 19.- Concluded. 
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(a) X = 1.0; A' = 2 to 20; m* = 00 to 1. 

Figure 20.- Variation of BCj, * "with cof^-m’ for various values of A’ 

System of "body axes with origin at (x,0,0). (See text, p. 11, for 
significance of dashed, portions of curves.) 
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cot deg 

(a) X = Oj A' = 3 to 20$ m’ = ® to 1. 

Figure 21.- Variation of BC^* with cot" 1 m , for various values of A'. 
System of body axes with origin at (x,0,0) . 
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(t>) X = 0.25; A' = 5 to 20; m ! =7.12 to 1. 
Figure 22.- Concluded. 
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(b) X = 0.50; A* =6 to 20; m‘ = 5.^5 to 1 
Figure 23.- Continued. 
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(c) X = 0.50; A’ = 3 to 20; m' = » to k. 


Figure 23.- Concluded. 
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(a) X = 0.75; A' =■ 3 to 20; m' •= ® to 1. 

Figure 2b. - Variation of BGj^* with cot-lm' for various values of A 

System of "body axes with origin at (x,0,0). (See text, p. 11, for 
significance of dashed portions of curves.) 
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(•b) X = 0.75; A’ = 3 to 20; m’ = 
Figure 2k. - Continued. 
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(c) X. = 0.75; A’ = 8 to 20; m* = 1.8 to 1. 
Figure 2k. - Concluded. 



(a) \ *= 1.0; A T a 2 to 20; m 1 = » to 1. 

Figure 25.- Variation of BC^* with cot-^m 1 for various values of A', 

System of body axes with origin at (x,0,0). (See text, p. 11, for 
significance of dashed portions of curves.) 
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Figure 26.- Concluded. 


BC, 


MCA TN 2699 



(a) X, = 0.25; A’ = 3 to 20; 1' = » to 1, 

Figure 27.- Variation of BC;^ vith. cot _ -'-m , for various values of A'. 

System of body axes. 
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Figure 28.- Variation of BCj^ vitb cot - ^m' for various values of A 


System of body axes; \ = 0.50. 
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Figure 30«- Variation of BCj^ with cot“lm T for various values of A*. 

System of "body axes; A, ='1.0. 
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(a) Variation with Mach number. 

■e 32.- Some illustrative variations of the stability derivati 

.th Mach number, aspect ratio, sweepback, and taper ratio. Sy 
lability axes: static margin, 0.05c - . 
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(t) Variation with aspect ratio. 
Figure 32.- Continued. 
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(c) Variation wi-hv. OTJCkCk-n'k^ _1_ 
- - “ - 

Figure 32 .- Continued. 
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(h) Variation with aspect ratio. 


Figure 33.- Continued. 
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(d) Variation with taper ratio 
Figure 33 .- Concluded. 
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(c) Variation with sweephack 
Figure 34. - Continued. 
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(b) Variation with aspect ratio. 


Figure 35 .- Continued. 
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(h) Variation with aspect ratio 
Figure 36.- Continued. 





